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Introduction: The literature has recently underlined the interest of pelvic and acetabular com-
ponent orientation measurements in the standing and sitting position. Radiographic follow-up
of total hip arthroplasty (THA) is based on standard AP and lateral X-rays. The use of EOSTM 2D
imaging system reduces patient’s radiation exposure compared to conventional X-rays. How-
ever, using this system, the validity and reproducibility of angular measurements, have not been
studied yet for the measurement of pelvic and acetabular parameters in patients with THA.
Hypothesis: The EOSTM 2D imaging system offers similar advantages to conventional X-rays in
the measurement of pelvic and acetabular orientation parameters which are commonly used.
Patients and method: Five angular parameters characterizing pelvic tilt and acetabular cup
orientation were determined using the same digital measurement ImagikaTM software based
on two series of standard X-rays and EOSTM 2D images acquired in both standing and sitting
positions. Radiographs from 50patients with unilateral THA were measured three times by
two observers. Intra- and interobserver reproducibility using each method was independently
studied then paired comparison was performed.
Results: The ICC and Spearman rank correlation coefﬁcient demonstrated an excellent
EOS/conventional X-ray correlation. According to the parameters, the mean difference between
these two imaging modalities ranged from 0.30◦ to 3.43◦ (P < 0.05). The intra- and interobserver
variability ranged from± 2.97◦ to± 6.46◦ using the EOSTM imaging system and from± 4.26◦
to± 10.22◦ using conventional X-rays (P < 0.05).
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Discussion: The EOSTM 2D imaging system may replace conventional X-rays in the assessment
and monitoring of pelvic and acetabular cup orientation in THA.
Level of evidence: Level III. Prospective diagnostic study.















































Table 1 Patient characteristics: mean± SD (min.—max.).
Age (years) 60.94± 6.1 (50—73)
Sex ratio (M/F) 24/26
Weight (kg) 79.62± 4.53 (70—87)
















Measurement of angular parameters was conducted by twontroduction
adiographic follow-up of total hip arthroplasties (THA) is
ased on standard AP and lateral X-rays. Despite its better
ccuracy [1], CT-scan imaging cannot be routinely per-
ormed since it is a costly method, which exposes patients
o more radiation. Moreover, CT-scan has to be performed in
he supine position whereas the literature has demonstrated
he interest of the standing and sitting positions in the
easurement of AP and lateral acetabular inclination [2].
ariations in pelvic tilt and anterior pelvic plane orientation
Lewinnek plane) are topical subjects since such variations
ay signiﬁcantly modify the prosthetic hip biomechanics
3,4]. Therefore, pelvic parameters commonly measured in
pine surgery (pelvic incidence, pelvic version and sacral
lope) as well as the Lewinnek plane inclination (helpful in
omputer-assisted surgery) appear to be relevant elements
uring the course of THA patients follow-up [5—8].
The EOSTM imaging system provides valuable information
n these speciﬁc ﬁelds since it is capable of simultane-
usly capturing two orthogonal AP and lateral images thus
nabling full-pelvis visualization in both standing and sitting
ositions [9]. It substantially reduces patient’s exposure to
-ray doses compared to conventional X-rays since it com-
ines two simultaneous frontal and lateral acquisitions in a
ingle scan and two gaseous detectors based on the work
f Georges Charpak, Nobel Prize in Physics in 1992 [10,11].
he tridimensional EOS analysis allows better understand-
ng of postural adaptation in the standing position [12] but
equires reconstruction of volumes. The EOSTM 2D imaging
ystem reduces patient’s radiation exposure during the mea-
urement of lumbo-pelvic and acetabular parameters in THA
atients.
This work evaluates the reproducibility of angular mea-
urements of lumbo-pelvic and acetabular parameters in
rder to check the hypothesis according to which the efﬁ-
iency of this new imaging modality (EOSTM 2D imaging
ystem) is similar to that of the reference method (conven-
ional X-rays) and to determine if the EOSTM 2D system may
eplace conventional X-rays is this speciﬁc indication.
atients and method
atients
ifty patients with unilateral THA were selected since
hey had no limb length discrepency and no associated
pine pathology. They were prospectively evaluated using
TMconventional X-ray system and the ﬁrst generation EOS
maging system according to an already described proto-
ol [2] which included AP and lateral pelvic acquisitions in




rBMI (kg/m2) 27.08± 0.99 (24.80—29.00)
BMI: body mass index.
mages were acquired on the same day. Conventional X-rays
ere numerized using a VidarTM Twain 32 scanner and all
easurements were performed by means of the ImagikaTM
oftware validated in total hip prostheses analyses [13]. Fea-
ure characteristics of the patient population are reported
n Table 1.
tudied parameters
he measured angular parameters are represented on Fig. 1:
pelvic incidence [14] (PI) was measured between a line
perpendicular to the sacral plate at its midpoint and the
line joining this point to the middle of the bicoxo-femoral
axis;
the sacral slope [15] in the standing and sitting position
(SS St/Sit) was deﬁned as the angle subtented by a hori-
zontal reference line and a line tangent to the sacral end
plate;
anterior pelvic plane inclination (Lewinnek plane [16]) in
the standing and sitting position (APPI St/Sit) was deﬁned
as the angle subtented by a vertical reference line and
a line tangent to the anterosuperior iliac spines and the
pubic symphysis;
the acetabular inclination angle in the frontal plane [5] in
the standing and sitting position (FAIA St/Sit) was deﬁned
as the angle between the cup axis and the horizontal ref-
erence line on the AP view;
the acetabular inclination angle in the sagittal plane [5]
in both standing and sitting positions (SAIA St/Sit) was
deﬁned as the angle between the cup axis and the hori-
zontal reference line on the lateral view.
All these anatomical parameters were measured on con-
entional X-rays (Fig. 2) and EOS images (Fig. 3).ndependent operators (JYL and MG). Three successive mea-
urements were performed for each pelvic parameter by
he operator. Measurements performed on conventional X-
ays were considered the reference measurements. For
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Figure 1 Pelvic parameters and anterior pelvic plane (Lewinnek plane) inclination diagrams. a: AP view in the standing and sitting
positions (FAIA/st; FAIA/sit); b: Sagittal view in the standing position; c: Sagittal view in the sitting position. PI: pelvic incidence,
SS/St: Sacral slope standing, SS/Sit: Sacral slope sitting, PV/St: pelvic version standing, PV/Sit: pelvic version sitting, APLPI/St:









nplane inclination sitting, FAIA/St: frontal acetabular inclination a
SAIA/St: sagittal acetabular inclination angle standing, SAIA/Sit
validation of the EOSTM imaging system, the inter- and
intraobserver variability of both imaging systems was com-
pared using statistical methods from the literature [17—20].
First, the repeatability (intraobserver) and reproducibil-
ity (interobserver) of both imaging system measurements
were independently calculated for ‘‘conventional X-ray’’
and ‘‘EOS X-ray’’. This analysis was inspired by the NF-
ISO-5725-2 standard [21]. Such standard provides guidance
for the determination of a 95% conﬁdence interval for
inter- and/or intraobserver reproducibility. It uses a one-
way random-effect model of analysis of variance (ANOVA).




tstanding, FAIA/Sit: frontal acetabular inclination angle sitting,
ittal acetabular inclination angle sitting.
bserver variance, SW2 was the estimated intraobserver
ariance, Sr2 was the arithmetic mean of SW2 representing
he estimated repeatability variance, SR2 was the estimated
eproducibility variance with SR2 = SL2 + Sr2.
For easier calculation, a new variable was deﬁned for
ach parameter being the difference between two paired
easurements. One-way ANOVA was used to assess the sig-
iﬁcativity of the intra- and interobserver effect within
he ‘‘conventional X-ray’’ and the ‘‘EOS’’ group distinctly.
oreover, repeatability and reproducibility were assessed by
alculating the inter- and intraobserver Intraclass Correla-
ion Coefﬁcient (ICC) and its 95% conﬁdence interval. The
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Figure 2 Conventional X-rays. a and c: AP and lateral images in the standing position. b and d: AP and lateral images in the
sitting position. PI: pelvic incidence, SS/St: Sacral slope standing, SS/Sit: Sacral slope sitting, PV/St: pelvic version standing,













































bLewinnek plane) inclination sitting, FAIA/St: frontal acetabula
ngle sitting, SAIA/St: sagittal acetabular inclination angle stan
CC is deﬁned as the ratio between ‘‘explained’’ variance
variance attributable to the cause of variation: observer
actor; repetition of measurement) and overall variance
‘‘explained’’ variance + error variance) [22]. Comparison of
epeatability and reproducibility of each parameter was per-
ormed using the Fisher Snedecor test for comparison of
ariances.
Then, ‘‘conventional X-ray’’ and ‘‘EOS X-ray’’ data col-
ected on the same subjects were directly compared as
aired data by means of the protocol used by Rillardon et al.
17] based on one observer and two series of measurements
or each imaging modality (conventional and EOS). For each
arameter, correlation between data from ‘‘conventional’’
nd ‘‘EOS’’ X-rays was calculated using the Spearman’s
ethod and the ICC. The differences between the obtained
ngular values measured on conventional and EOS images
ere calculated in order to investigate any signiﬁcant devi-
tion using a Student’s t-test (paired samples).
Data were analyzed using the Medcalc software, version
1.3. Quantitative variables were described using the mean
M), the mean difference (d), the standard deviation (SD),
he standard error (SE), the Spearman’s rank correlation
oefﬁcient (r) and the intraclass correlation coefﬁcient (ICC)
ith its conﬁdence interval (CI 95%). Normal distribution of
he values from the 50 observations was checked for each
f the ten angular parameters by means of the Kolmogorov-




dination angle standing, FAIA/Sit: frontal acetabular inclination
, SAIA/Sit: sagittal acetabular inclination angle sitting.
esults
ormal distribution of the values from the 50 observations
as conﬁrmed, for each of the ten angular parameters stud-
ed, by means of the Kolmogorov-Smirnov normality test
pplied to each series of measurements. The angular val-
es obtained with each imaging modality are reported in
able 2.
nter- and intraobserver reproducibility on
onventional X-rays
egarding pelvic parameters, deviations between intra- and
nterobserver repetitions were not signiﬁcantly different
rom zero, thus demonstrating the absence of systematic
rror for repeatability. The 95% conﬁdence interval corre-
ponding to the random error of each parameter ranged
rom± 4.26◦ to± 7.83◦.
Regarding acetabular parameters, deviations between
ntra- and interobserver repetitions were signiﬁcantly dif-
erent from zero thus demonstrating a systematic error
etween the ﬁrst and the second measurement (ranging
rom 0.3◦ to 5.15◦) and the ﬁrst and second observer (rang-
ng from 1.95◦ to 3.14◦). The 95% conﬁdence intervals ranged
rom 4.79◦ to 10.22◦ for cup inclination measurements thus
emonstrating dispersion of the measurements.
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Figure 3 EOS X-rays. a and c: AP and lateral images in the standing position. b and d: AP and lateral images in the sitting position.
PI: pelvic incidence, SS/St: Sacral slope standing, SS/Sit: Sacral slope sitting, PV/St: pelvic version standing, PV/Sit: pelvic version
sitting, APPI/St: Anterior pelvic plane (Lewinnek plane) inclination standing, APPI/Sit: Anterior pelvic plane (Lewinnek plane)
inclination sitting, FAIA/St: frontal acetabular inclination angle standing, FAIA/Sit: frontal acetabular inclination angle sitting,
SAIA/St: sagittal acetabular inclination angle standing, SAIA/Sit: sagittal acetabular inclination angle sitting.
Table 2 Results of the nine studied parameters according to the imaging method (mean± SD; minimum; maximum). Fifty
subjects, two observers, three measurements.
Conventional X-rays EOS imaging
Mean (◦) SD Min Max Mean (◦) SD Min Max
Pelvic incidence (PI) 52.9 11.4 25 84 53.9 12.1 29 85
Sacral slope, standing (SS/St) 36.1 7.6 7 59 35.9 7.6 10 55
Sacral slope, sitting (SS/Sit) 23.1 7.3 4 39 24.1 6.8 8 37
Anterior pelvic plane inclination, standing (APPI/St) 2.4 7.3 −18 20 3.3 7.5 −15 20
Anterior pelvic plane inclination, sitting (APPI/Sit) 16.9 9.1 0 44 17.6 7.8 0 42
Frontal acetabular inclination angle, standing (FAIA/St) 52.2 4.9 39 66 53.2 4.8 39 67
Frontal acetabular inclination angle, sitting (FAIA/Sit) 63.0 7.2 46 86 64.3 7.5 50 88
Sagittal acetabular inclination angle, standing (SAIA/St) 47.1 7.1 27 69 47.0 6.7 31 64
Sagittal acetabular inclination angle, sitting (SAIA/Sit) 57.5 9.0 36 84 58.0 9.3 40 84
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Table 3 Study of intra- and interobserver variability on conventional X-rays. d: mean of deviations, 2 SD: twice the standard
deviation (95% conﬁdence interval of deviations), P value of the 1-way ANOVA (observer effect for repeatability, measurement
repetition effect for reproducibility), ICC: intraclass correlation coefﬁcient, CI 95%: 95% conﬁdence interval of ICC.
Repeatability Reproducibility
d 2 SD P value ICC CI 95% d 2 SD P value ICC CI 95%
PI 1.40 4.26 0.400 0.98 0.97/0.99 0.72 4.41 0.598 0.96 0.95/0.98
SS/St −1.73 6.79 0.284 0.76 0.65/0.84 −1.13 6.95 0.176 0.82 0.75/0.88
SS/Sit 0.46 5.36 0.942 0.86 0.79/0.91 −0.07 5.48 0.698 0.86 0.80/0.91
APPI/St −0.33 5.39 0.84 0.76/0.90 −1.04 5.55 0.86 0.80/0.90
APPI/Sit −2.45 7.26 0.180 0.95 0.92/0.97 −4.00 7.83 0.105 0.92 0.89/0.95
FAIA/St 0.30 4.79 0.687 0.78 0.67/0.91 −1.95 5.10 0.001* 0.77 0.68/0.84
FAIA/Sit −4.54 8.14 < 0.001* 0.88 0.82/0.93 −2.60 8.28 0.001* 0.84 0.77/0.90
SAIA/St −4.46 9.79 0.001* 0.71 0.58/0.81 −2.95 10.22 0.007* 0.69 0.59/0.79
SAIA/Sit −5.15 8.53 0.001* 0.90 0.85/0.94 −3.14 8.72 0.001* 0.88 0.82/0.92
PI: Pelvic incidence; SS/St: Sacral slope standing; SS/Sit: Sacral slope sitting; APPI/St: Anterior pelvic plane (Lewinnek plane) incli-
nation standing; APPI/Sit: Anterior pelvic plane (Lewinnek plane) inclination sitting; FAIA/St: Frontal acetabular inclination standing;

























Repeatability and reproducibility revealed a tendency
owards enlarged distribution for the measurement of
he anterior pelvic plane (Lewinnek plane) obtained in
he sitting position compared with that obtained in the
tanding position. The overall metrology (accuracy and pre-
ision) results regarding conventional X-rays are reported in
able 3.
nter- and intraobserver reproducibility on EOS
-rays
elvic and acetabular parameters demonstrated a system-
tic absence of intra- and interobserver error in the sitting
nd standing positions with a deviation between repetitions
hich was not signiﬁcantly different from zero for all param-




Table 4 Study of intra- and interobserver variability on EOS X-ra
(95% conﬁdence interval of deviations), P value of the 1-way ANOV
effect for reproducibility), ICC: intraclass correlation coefﬁcient,
Repeatability
d 2 SD P value ICC CI 95%
PI −0.05 4.05 0.951 0.96 0.95/0.9
SS/St −0.51 3.36 0.741 0.95 0.92/0.9
SS/Sit 0.56 3.32 0.712 0.94 0.91/0.9
APPI/St −0.22 2.97 0.960 0.95 0.92/0.9
APPI/Sit −1.47 5.88 0.383 0.95 0.92/0.9
FAIA/St 1.36 6.17 0.266 0.66 0.52/0.7
FAIA/Sit −0.12 4.31 0.856 0.93 0.90/0.9
SAIA/St −0.84 4.34 0.869 0.91 0.87/0.9
SAIA/Sit −0.84 3.83 0.871 0.96 0.94/0.9
PI: Pelvic incidence; SS/St: Sacral slope standing; SS/Sit: Sacral slop
nation standing; APPI/Sit: Anterior pelvic plane (Lewinnek plane) incl
FAIA/Sit: Frontal acetabular inclination angle, sitting; SAIA/St: Sagittal a
inclination angle sitting.or repeatability and reproducibility. The 95% conﬁdence
nterval for each deviation ranged from± 2.97◦ to± 6.46◦
or pelvic parameters and± 3.83◦ to± 6.27◦ for acetabular
arameters.
Repeatability and reproducibility revealed a tendency
owards enlarged distribution for the measurement of the
ewinnek plane obtained in the sitting position compared
ith that obtained in the standing position. The overall
etrology (accuracy and precision) results regarding EOS
-rays are reported in Table 4.
omparison of repeatability and reproducibility for
oth imaging modalities (conventional and EOS)
he results of the Fisher Snedecor tests aim at compar-
ng the above mentionned repeatability and reproducibility
ys. d: mean of deviations, 2 SD: twice the standard deviation
A (observer effect for repeatability, measurement repetition
CI 95%: 95% conﬁdence interval of ICC.
Reproducibility
d 2 SD P value ICC CI 95%
8 −0.07 4.12 0.981 0.96 0.95/0.98
7 −0.24 3.38 0.806 0.95 0.93/0.97
6 −0.22 3.42 0.722 0.94 0.91/0.96
7 −0.16 3.01 0.856 0.95 0.93/0.97
7 −3.25 6.46 0.098 0.92 0.88/0.94
7 −1.21 6.27 0.072 0.69 0.59/0.78
6 −0.84 4.38 0.388 0.92 0.88/0.94
5 −0.31 4.43 0.680 0.90 0.86/0.94
7 −0.39 3.89 0.714 0.96 0.94/0.97
e sitting; APPI/St: Anterior pelvic plane (Lewinnek plane) incli-
ination sitting; FAIA/St: Frontal acetabular inclination standing;
cetabular inclination angle standing, SAIA/Sit: Sagittal acetabular
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Table 5 Comparisons according to the selected X-ray method (50 subjects, one observer, two series of measurements). r:
Spearman’s rank correlation coefﬁcient, ICC: intraclass correlation coefﬁcient, CI 95%: 95% conﬁdence interval of ICC, d: mean
of deviations (conventional −EOS), SE: standard error of deviations, SD: standard deviation,± IC 95%: 95% conﬁdence interval
of deviations, P value: Paired Student t-test.
r ICC CI 95% d SE SD ±CI 95% P value
PI 0.97 0.98 0.97/0.99 −0.30 0.30 2.15 ± 4.21 0.33
SS/St 0.92 0.94 0.90/0.96 −0.62 0.36 2.56 ± 5.02 0.09
SS/Sit 0.97 0.98 0.96/0.99 −0.95 0.20 1.42 ± 2.78 < 0.001*
APPI/St 0.92 0.95 0.91/0.97 −1.47 0.30 2.12 ± 4.16 < 0.001*
APPI/Sit 0.92 0.93 0.85/0.97 −2.04 0.48 3.39 ± 6.65 0.01*
FAIA/St 0.90 0.90 0.84/0.94 −1.77 0.28 2.00 ± 3.92 < 0.001*
FAIA/Sit 0.85 0.92 0.86/0.95 −3.43 0.42 2.94 ± 5.76 < 0.001*
SAIA/St 0.90 0.92 0.87/0.96 −2.39 0.38 2.66 ± 5.22 < 0.001*
SAIA/Sit 0.94 0.94 0.90/0.97 −3.16 0.44 3.10 ± 6.08 < 0.001*
PI: Pelvic incidence; SS/St: Sacral slope standing; SS/Sit: Sacral slope sitting; APPI/St: Anterior pelvic plane (Lewinnek plane) inclination



































tFAIA/Sit: Frontal acetabular inclination angle sitting; SAIA/St: Sagi
inclination angle sitting; * signiﬁcant difference.
variances. Except for pelvic incidence, all tests were signiﬁ-
cant (P < 0.001), demonstrating a reduced variance with EOS
X-rays.
Direct-paired comparisons of angle measurements
obtained with the two imaging modalities
(conventionnal and EOS)
Correlation between the two radiographic systems was
excellent for all parameters (Spearman’s coefﬁcient ranging
from 0.82 to 0.97, ICC 0.90 to 0.98). However, direct-paired
comparison using the Student’s t-test demonstrated a sig-
niﬁcant difference between the measured values for all
parameters except for pelvic incidence and sacral slope in
the standing position. This signiﬁcant difference was 1—2◦
for pelvic parameters and 2—3◦ for acetabular parameters.
These whole results are reported in Table 5.
Discussion
Through this study, we could determine the degree of uncer-
tainty for pelvic and acetabular parameter measurements
with conventional and EOS X-rays using the same measure-
ment software. Direct-paired comparison revealed a good
correlation between these two imaging systems in both
standing and sitting positions. Study of the reproducibility
demonstrated a better accuracy of the EOS system.
However, this study does not allow us to assess the
relevancy of the EOS system in the evaluation of other
monitoring elements such as osteolysis, granulomas and
loosenings. On the other hand, the high quality images did
provide a more accurate evaluation of angular measure-
ments.
The uncertainty of radiographic parameter measure-
ments has already been studied for manual and computer-
assisted measurement of cervical and lumbo-pelvic spine
parameters [23—25]: the results are comparable to those
reported in our study with conventional X-rays. However, no




scetabular inclination angle standing; SAIA/Sit: Sagittal acetabular
OS system. Moreover, our study reports original data since
t deals with acetabular parameter measurements which
epeatability and reproducibility have never been reported
p to now.
The ﬁrst part of the study demonstrates a higher vari-
nce with conventional X-rays than with the EOS system.
esides the image resolution (Figs. 2 and 3), the difference
n accuracy might be related to the method of acquisition:
onventional X-ray systems project the information on the
atient’s reference plane by means of a conical dimensional
ffect. The image quality is thus altered from the centre
owards the edges thus leading to progressively increas-
ng errors for the areas located away from the centre. The
OS slot-scanning X-rays are always aligned with the detec-
ors thus enhancing image contrast performance. Due to the
an-beam geometry, the only alteration encountered during
canning is located along the horizontal axis. However, dis-
ortion of this cylindrical image projection is corrected by a
ew digital graduation executed by the visualization inter-
ace of the system. This image is reconstructed as if it had
een acquired in the patient’s reference plane by limiting
he alteration of the patient’s thickness instead of the whole
ource to detector distance. Therefore, the EOS imaging sys-
em provides homogeneity on the whole radiograph. In the
tudy of Deschêne et al. [11], the overall image quality was
onsidered equivalent or even better with the EOS system
n 97.2% of the cases during follow-up of children operated
n for scoliosis.
In the second part of our study, the measured val-
es were signiﬁcantly different between the two imaging
ystems, however, these differences were lower than the
ncertainty estimated in the ﬁrst part of the study. Such
igniﬁcance thus appears purely statistical and does not
orrespond to a systematic error in practice. However,
ariable distribution (95% conﬁdence interval of devia-
ions) demonstrated a distribution reduced by half with
OS X-rays compared to conventional X-rays. It thus
ppears that for mean corroborating measurements, the EOS















































o conclude, the EOS 2D imaging system appears as an inter-
sting alternative to conventional X-rays in the study of
elvic and acetabular parameters: the EOS imaging system
educes radiation exposure compared to conventional X-rays
ccording to the data published in the literature regard-
ng spine and pelvis; despite image acquisition by scanning,
he time required for simultaneous acquisition of front and
ateral images is similar to the overall time required for
cquisition of two conventional radiographs. Finally, accord-
ng to our study, the image accuracy achieved using the EOS
D imaging system is at least similar to that obtained with
onventional X-rays and may replace standard radiographs
n the assessment of pelvic parameters as well as frontal
nd sagittal orientation of THA acetabular cups. Moreover,
OS X-rays and possible 3D reconstruction provide a full
ody image of the patient in the standing and sitting posi-
ions which allows a new approach to postural abnormalities
nvolving both the spine and the subpelvic area while the lit-
rature has recently underlined the interest of pelvic tilt and
cetabular orientation measurements in the standing and
itting positions. The EOS imaging is not currently accessi-
le to the whole population due to the limited number of
quipments available and its cost has not been evaluated
et.
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